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total intensity of emiseion for the transitlon of the current through the
boandary is found as J o= -Wg-W -[x£(18) Further calculations shOW'qhat

in the case of a strong magnetic field the intensity of the radiation is
‘less than when no field is present at all. When the boundary is extended,
i. e., vhen an intermediate region of the thickness lo exists, the

relation‘(£&=1g-cgia (24) holds, where W is the Langmuir frequency of the

0
medium at z)l . The following is obtained for the Fourier components of

the electric field in the intermediate region:
BE (B P, I .
(25)

—%; o= N1, A’:—.-‘-"-’-_k!,
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- B~ By solving Eq. (25) one finds the work performed duz‘;.,ng the transition from.
: the vacuum to the medium '

w-——-IE (X, z,. t)T dz.- jw, “dkdu: - o - (57)

‘a) in the veowums __ . _ . S R

ot = v
k,w Y w ?

— ' (36)‘

N - . v
_b) in the intermediate region:
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= B b : . (40)

: : : o . -
When 1 tenis towards infinity, the work in vacuo, W, and that in the . -
° : : B

1 £ ] hanks V. I, Veksler, V. L.
pmedium, (v°, venish. Finally, the author t '
Ginzbuz’:g, l:i S. Rebinovich, and B. M. Bolotovskiy for discussions. I. M.

Card 6/9 S o , o ‘ o

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320017-8"



"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86- 00513R001757320017 8

G = B AR
=

R

I ‘ 25022

8/057/61/031/007/002/021
Transient radiation of a curreat ... B108/B209

Frank iu mentioned. There are 7 Soviet references.
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o (Instituteof Physics A3 USSR imeni P, N. Lebedev, Moscow) Kt
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TITLE: Some problems in relativistic gas dynamics of charged
particles

PERIODICAL: Zhurnal eksperimental'noy i teofeticheskoy'fiziki, v, 40,
no. 5, 1961, 1325-1332

TEXT: In the first section of the present papeT the results of

V. I. Veksler (DAN SSSR, 118, 63, 1958) and I. M. Xheletnikov (ZhETF, 271,
529, 1954) for self-consistent and external electromagnetic fields are
generalized, and it is shown that in all cases where the ion portion of

the current is small, the theorem of conservation of the magnetic flux

along a fluid contour can be generalized to relativistic motions of an -
electron-ion plasma. The second part is jevoted to the study of the one-
dimensional relativistic expension of a charged gas layer into the empty
space, the inertial terms being predominant, and also to the provlem of

electric i

fields generated during expansion of a quasi-neutral plasme into
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the empty space. Furthermore, the problem of relativistic collision of
the charged layer with constant external fields is treated. The invesiiga-
tion is 1imited to isentropic motion in an electromagnetic field, fox

which the relation ‘x';(s)ufls)n —eh, + 7"?(9)/’8 < is derived; W%l w(s‘)/n(s);

with w(s) being the heat function per unit volume, n(s) the proper density
of the particles) uﬁs) the four-velocity, A  the four-potential of the

electromagnetic field, and Yy the flow potential. This relation is found
to be the desired generalization. In the following, it is shown that the
above equation will always be fulfilled for one-dimensional non-steady
events. This is illustrated by the one-dimensional motion of an electron
fluid with a current perpendicular to the direction of motion. The
theorem of conservation deduced therefrom reads

(8)

(u, 0—2; + g 69") (W 4 e4s) = —g; (WU + eAy) = 0.

Xe
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If the inertial term W(e)uge) is negligible, then Eq. (8) will take the

form of the theorem of conservation of the flux through a fluid contour.
" It is shown that the one-dimensional non-steady motion is here 2
potential flow. A 'generalization of Thomson's theorem of conservetion
of the velocity circulation is derived also for a three-dimensional
motion: ’EFvu dx o+ ?Fav 2%+ F /va -~ 0 . Some one-dimensional

problems are discussed next: 1) relativistic expansion of a charged layer
into the, empty space. For -l<;x1<11 (1 - layer thickness) one obtains

T l

N )
9 = tngrore + (x)(VE £T— 1
u=w=oVIi—0 i (19)

where v indicates the hydrodynamic velocity, end ng the initial density;

r°=4ne2/m. The particle density is given by

R O e SR Y YN U V(4 €tV |
- ."no {lAl : uz—r-nol'o"o[.1 ) @ Yit @ ]} -
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vhich holds for T /m n,r, 1. 2) Expansion Bf a neutral plasma layrer into
the empty space. It is assumed that the ions and electrons have the same
density at the instent t = 0. The fundamental waves are expressed by
An @ LA mi) ! _
T Onetned ( T x T"’) S (24) R

. Av R A AV N LA
: T e \F T e @)\ T e w)
o o : (25)

3) Motion of & charged plasma layer toward a region with a consiant
electric field. Thermal effects are neglected, and using the gauge
invarience one obtains

At re= e TYTERE, (26)
By w9y (27)

ox, " YT d 01 BT
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where XH(x1)=eEH/m (electric field in the direction of the x-axis). The

solution is given in the form of elliptic integrals. 4) Motion of a
charged layer toward a region with a constant magnetic field. For an
external field growing linearly with the distance, the calculation again
leads to elliptical integrals., I. M. Khalatnikov and L. D. Landau are
mentioned. The author thanks V. I. Veksler, M. S. Rebinovich and

A. A, Rukhadze for discussions. He also thanks M. A. Leontovich for
valuable comments. There are 4 Soviet-bloc references.

ASSOCIATION: PFizicheskiy institut im. P. N. Lebedevae, Akademii nauk SSSR
(Institute of Physics imeni P. N. Lebedev of the Academy
of Sciences USSR)
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AUTHOE_: ~ Taytovich, V. N.

. TITLE: ~ Spatipl dispersion in a relativistic plasma - - 5'.

PERIODICAL: Zhurnal eksperimental'noy i’ teoreticheskoy fiziki, Ve 40,
no. 6, 1961, 1715 - 1787 <
‘TEXTs The author examined the dielectric constant of an isofropio réié- '
tivistic plasma, taking into. account pair-production effects."In this
case, the dielectric constant is a three-dimensional tensor: c ¢
' . gy == 84+ dnwloyy = et (61/1{ k™2hk)) -+ e'k™1k.ky, (1) »
jo= oy (0% Ej, oo, k) = of (8 — K kiks) + o'k ik, ity

‘where di are the four-dimensional Fourier components of the current E

J
is the Fourier components of the electric field strengthj d ' dt 51, et :

are the longitudinal gnd the transverse electric conductivity and dielec~
tric constant, respectively. This may also be written in four-dirensional °
notation: J =1 (kA n i
’ # pe V0 v i = 10T, nu = nu == l'kld '

Card 1/5 | o Tu=—ité/aet (3)
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B - with the Fourier ocomponents Ay of the potential. The expression )
' e 4ne? O I 6t - ~ v
I 11 e o o _
e =T A4 e, o
- . . _‘ . . ’ ‘. ‘ . (10) "
T Bl oo bt G L VNP It (1 ) T 1 AR S
A.¥ = I:Fp Bp‘ep-—k ’ . A;: l:F ?psp—k ] - .
‘ e Hed) =220 (7 np),
. ,,.. Lo R '- . ] c’ ] .e’-{-,e‘;_. . . .:A N ..‘..:'; . . ) . L . t
St = (ut — k) 82 =Tla =;?S"f. G o P

is obtained for the dielectric constant, where ag - 'J;z + m2~ is ‘the energy
modulus, n%') and-n;-} are the mean numbers of positrons and electrons, re-
spectively, with the density matrix ¢ éal’t is the vaouum 'polarization.

-

In the classical (k&p) ultrarelativistic pdm case, in which the positron

contribution venishes, Eq. (10) leads to the result obtained by 'V. P. Silin ,
Card 2/5 ' o
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(Ref. 11 ZhETF, 38, 1577, 1960) with the help of the equc'xtion of motdfon.
‘The spatial dispersion may Ye negleoted in the case.of small wave vectors,
80 that the real part of the dieleotrio constant assumes the form .

e A (1__.p‘/33)dp ] -A I ‘ ~‘(* -
Rea(m)nl—ﬁtﬁ%f(p)—i-———:;———- (12) . _ ; o

which, for low frequencies m(&ﬁ, leads to the known formula

Re s (0) = l-———;, m’=4ne’g ’(e) (l -;—-",—)dp. - (x'a)
The expression for the natiral frequency ¢ of the pla.ema goes cw.'er into . -
the expreseion obtained by Silin (Ref. 1) £Or the ultrarelativistic case AN -
with n->- 0. When the system is in equilibrium at ultrarelativistic. Mo
temperatures, the chemical potential (L vaniehes at sufficiently high
temperatures, n;wn-&w (gx,p(pﬁ) + 1:' and (.) - 22;(2)92/3nf52 (14), where € :,‘ff
is Riemann's zeta-function. At high frequenoiea, o

‘ - T 5) - fi T
Card 3/5 Ree(@=1+2/0, 0 (1§ - e
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‘holds. . For equilibrium qu ultraielati;iéfianféﬁpérafﬁieé, Z.-12092§(4)h v

the imaginary part

(16). ‘In order to obtain
§-functions express

tors must be replacéd by
of energy and momentum.

of & and €, desoribing the Ch
the transverse Wave, respectively,
over p, with the help of the 6~function
R

lmei::—-;.——

X .A.n'e.'l | H
lme_fi— Wik

. The author examines.the.spectra of ldngitﬁdinal-a
_ osoillations at high'densities and temperatures,,

the Cherenkov absorption and-absorption due
Card 4/5
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The general expressions for the imaginary parts

erenkov absorption of the 1ongitudinal and
are calculated from (10) by integration

S =Dl —5)—1(+3)e
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L (5)

of sl’t, the energy denomina-

i .

@,

nd transverse plasma
taking into acnount both -
to par production. .
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Vo Po Silin and A. A. Rukhadzes are thanked for their help, as well as

V. L. Ginzburg, Ye.LFeynberg. and Y2, S. Fradkin for their in%erest in
the work. Mention i3 made of L. D. Landsu, G. §. Saakyan, Sh, M. Kogan,
and V. L. Bonch-Bruyevich, Thare are 2 figures and 11 Ssviet.bleoc refer-
ences.

ASSOCIATIONs Fizicheskiy i{nstitut im P. N. Lebedeva Akademii nauk SSSR
(Institute of Physics imeni P. N. Lebedev of the Arademy of
Sciences TSSR) :

SUBMITTED: January 4, 196"
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11
"Ionization momentun dependence for electrons in the ultra-relativistic region

- M t
Fourth International Colloquium on Photography (Corpuscular) - Munich, Wes

Germany, 3-8 Sep 62
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Passage of fest perticles trhough a magnetoastive plasmi, Izv,7ys,
uchagfzav.; radiofiz. 5 no.631078-1092 '62, (MIRA 16%2)

1., Fizicheskiy institut imeni P.N. lebedeva AN SSSR.
(Plasma (Yonized gases))
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AUTHOR: Tsytovich, V. N5 :
_——/_,..—-—'-—"'—"—‘—_—-——‘

.TITLE: Structure of nonlinear waves in plaema
;‘ PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 32, no. 9, 1962, 1042 - 1049

“PEXT: The propagation of strong, ateady, nonlinear waves purpendicular to
© a magnetic field is studied. The condition r §>1 is assumed to hold for

the electron radius. There are no limitations as to the ion radius. The
four-dimensional velocities V e Ve of the elecirons and Vi, vi of the ions

are calculated from the ayatem

“T%W(—?-"— .

V1+V'+u‘ Vl-o-V‘-o-o’
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of two Maxwell equations, and two equations for the velocity components of .
the electron gas. V are the four-dimensional velocity components in the

system of the wave in the x-direction; v is perpendicular to the wave and
to the magnetic field. Here, § = x/x 3

of Xo = me/eﬂoyo. .= Ex/Ho is the
electric field strength, h = Hz/Hoyo is the magnetic field strength, k is

the wave number in the laboratory system, and v = W, A= kxo/yo. .)

-7 2 Il
T = d1-V°, Vo = VO/V1-VO; Ho is the external magnetic fiéld in the plasma 74
rest system and Hoyo that in a system in which the wave front 1s at rest.

From an approximate solution of t
V =V +6V_and V, = V_+ 6V,
e o e i o i

he above linearized aystem; agsuming
A2¢e(v§ - re)/Vgreyg is obtained which
holds for electron waves if V§2>1. The same result is obtzined by

linearizing the initial system if the ion velocities are put equal to zero.
Therefore, the ion velocities in the wave are low. The wave becomes
nonlinear for high=|§\ values. The approximate solution

Card 2/5
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correspondlng to the root - V desoribes the magnetosonic branch.
= (V -T )/V rY and A2 = -(1+r)/V2rY2

-plaama. The waves of the second type are always periodic, those of the
_ first type may be aperiodic, Nonlinear electron waves are ultrarelativhﬂie

hold for an electron-positron

et T 1. For these waves, Vv, becomes zero at 6V~ = -2(14r )V

+2\f ‘(r (1+r ), and no solution exists in thé range av Loy (6V . Flows

with several velocities may exist at r_ (V /2. . L
—_— - 2(":—7':) . V 1V Vo )
Wo=— LS —_— L
r, ., ! '110 VO (17)
Vwol/,——r.ehn e s

holda for weak waves, and T .
W,=Wit g ( SR AR AL
‘ I 4r)"' Y

for etrang ones., The structnre of nonlinear magnetosonio waves 1is

fard 3/5

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320017-8"



"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86 00513R001757320017 8

252 Pzﬂ» G BRSNS N SR

©oal

- 5/057 62/032/009/003/014

Structure of nonlinear... . B125/8186

’ LRE Vo

desoribed by e dy . _ _T,“"l ‘ )
:‘FT=' -‘,-‘/14- y 15"010("‘ 20 . .

. . 1 .
.y-——" o——4V:(1+-;1‘—)+4V§‘{0 Vl +7" npu ?E'-—O

3(/
L . o ) . A
L Yl =— . :
; o e A Vi
_ : ‘ R ! C e (30).
' a Vi : ; —_?
* ()bl g/ i)
T ! -‘/ 1V0V1+— Y
L9
Xln v i
B o ‘yo et 1+-l—’ ’
* A X 3 Vo re
s l Vo ) l . . 1
AL | |
P A I ST |
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e g

. ) “_,___,g__ﬁ + Vo ‘/1_,_"’ __10. .
- K o R 4V§(l’+-;)' : 4Vo V1+— | :
' In - g .
§ fr = ~———————+4mv/b+ ) -1 | |
e (1+—,;) \ave ]/1+' g

| ASSOGIATION: Fizicheskiy institut im, P. N. Lebedeva AN #SSR (Physics /Y
Institute imeni P. N. Lebedev AS USSR) .

i

QUBMITTED: Ootober 12, 1961 .
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' AUTHOR: Tey*tovich, V. N, . e
TITLE: On stimulateé resona.nce scnttermg and radiation in a medium -

SOURCE AN SSSR. seDoklady*, V. 154 no. 1, 1964, 176- 19

‘TopIC TAGS: resonance scattering, stimulated resonance, Corenkov radistica, - i
. nonlinear wave interaction, photon emission, perturbation theary, plasua, : \

particle energy T v

ABSTRACT: In a number of papers (eg., Astr. zhur., no. 4, 1963), the author !
has treated stimulated Cerenkov radiation and absorption of waves in a '
medium and reduced them to the effects of wave acceleration of charged particles
and daiffusion of particles 4n a Pplasms energy space. The sti~. -
mulated scattering and radiation of two photons which follow from the next '
approximation of the perturbatibn theory are nonlinear effects,since they. depend
on the second power of the numher of photone. In the present paper, the author

- o L e SRS

B S e Bt i
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points out that the perturbation theory cannot be applied if the frequency and the ‘ ‘
angle of incident radiation are close to those of the Cerenkov cone, because

. resonance scattering takes place. It is necessary then to make the summation of =~ ‘
the series.of the perturbation theory. A theory of the stimulated scattering, ra=!
diation, and absorption is developed which takes into account the radiation cor- |
rections for the spontaneous Cerenkov radiation. The results indicate that the

1 average change of the particle energy owing to the stimulated processes is not !

- . j -of the resonance type. Thus, the distribution of photons may be affected, but !

P8 | not the average characteristics of the plasma particles. "The author is grateful| - -,

~‘to Acads 1. Ye. Tamm for his interest." Orig. art. has: 9 formulas. ‘! s

b
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- 1 TITLB: ©On the nrteraotion of an electron beam with an opticxllly active med fun

| SOURCE: Zhurnal tekhnicheskoy fiziki, v,.34, no.4, 1964, 764-767 - ) .

TOPJIC TAGS: electron boam plasma interaction, electron beam lager pumping, laser

ABSTRACT: . The interaction of an electron beam with an optically active gas is dis-{
cussed, It is found that considerable power can be generated in the visible and ule!
traviolet regions even when the density of the beam is small compared with that of i
the medium and the Langmulr frequency is small compared with the optical resonaunce :
frequency. It 1s suggested that electron beams might be useful for laser pumping.
Powers of the order of 102 ki/cm3 at a_frequency of 6 x 10 1€ gycles/sec can he de=~ :

veloped by a beam of 1014 eleotrons/cm having velocitles of 3 x 109 cm/sec in a

and expressions are derived for the power developed and the valocity dispsrions re-
quired of the exciting beam The condition for the applicabllity of the qunsi-l.i.near‘
- | approximation employed 18 given, and a future troatmant of the non-linaar torms is

et 2 A . . S !

medium of density 1019 em~3. The medium is treated ns an ensemble of oscillators, ' .
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promised. The equation for the {negative) damping constant of the oscillations, on 5
which all the calculations are based, is simply written without derivation or re-

ference, ''In conclusion, the authors express their gratitwle to Ya.B.Faynberg and -
.S.Rabinovich for valuable edvice." Orig.art.has: 9 formulas.
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TITLEs Radiation of transVer;eM ;‘1”;;;:"’6‘;{31;‘:\0:1(: waves due to i '
gcattering of charged particles by plasma wavei ‘

SOURCE: 2Zh. ekspeT. {1 teors flzey Ve 46, no. 3, 1964, 1726=1740 % '

TOPIC TAGS: plasma, plasm'a waves, dipole radiation, particle :
igcattering, electrom scattering, plasma wave scattering, synchrotron:
radiation .
v
NS ABSTRACT: 1t is shown that in the classical 1imit, emission of
transverse waves by electrons with energles evceeding those of L
thermal electrons occurs fin the field of a plasma wave as a result i
of dipole radiation due to oscillations of tha electron in the wave ., °
(Compton effect on plasma waves) and by passape of electrons through -~
density {nhomogenieties produced by the plasma wava, In the non- ;
relativistic casa, emission of tramsvaerse waves by electrons i1s for=
bidden, due to {aterference of the two affacts. This forbiddenness -
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does not hold for particles with masges differing from that of the
electron, The radfation spectrum of electrons and ions is cale _
‘culated for-a broad energy range from nonrelativistic to relativistic
energies, The graph technique 183 used for calculating quantum effects

intensity of radiation.. It {s also shown that the frequencies of e R
transverse waves produced in scattering of cosnic ray electrons by '
plasma waves may considerably exceed the frequancy of waves produced
by the synchrotron mechanisn, Orig. art. has: 65 formulas and ;

7 figures, ik
: : ASSOCIATION: Pizicheskiy institut im. P, N, Lebedeva .Akademty nauk .
- 8SSR  (Physics Institute, Academy: of Sciences §SSR) - , ‘
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" AUTHOR: Danilkin, I,S.; Tsy*tovich .

* SOURCE: Zhurnal tekhnicheskoy fiziki, v.34, no.8, 1964, 1365-1373
' TOPIC TAGS: plasma, plasma oscillation, noise, fast particle

; ABSTRACT: The authors discuss the effect of random oscillations of a plasma (noise)::
‘ on the average motion of a fast charged particle. The average rate of change of the‘
: particle momentum is given by the velocity divergence of the tensor - i

S o :
Iy =22\ ik g Ve, dlodlke o

; where N K is the quantum density of the noise fiold and w,(w,k) 1s the transition;
: probabi‘fity for the particle from a state of momentum p to p-tik. wp 1s given by i
' o7 et Blu—kuv) 1 |
W= B ST |

where v is the velocity of the particle and e is the longitudinal part of the di~ ;-
i electric tensor., Tho effects of the acoustic and the high frequency plasma wave |
' components of the noise field are discussed separately in the absence of an extern-
" nal field. An isotropic nolse field has no average effeut, but it is found that an

|

BV
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i
anisotropic field can either accelerate the charged partilcie or decelerate it.

Noise fields with cylindrical symmetry are treated 1in some detail, and it is found
that waves propagating preferentially parallel to the motion of the particle tend |
to decerlate 1t, while waves propagating mainly transversely to the particle motion
accelerate it. The effect of noise on the acquisition of emergy by a charged par-:
ticle from an external electric field is discussed in terms of the theory developed’
by V.D.Shapiro ZSO reference giveé?. According to this theory the velocity of the
particle is limited by the decelerating action of waves that its own motlon gene-
rates. It is found that the effect of the noise field is much less than that of the
decelerating waves generated by the particle unless the noise field is so intense !
that neither the present theory nor that of Shapiro is valid. The effect of the

noise field on the characteristic time required for the particle to generate and f

|
!
|
i
;
!

interact with the decelerating wave is found to be particularly weak, and 1t is
suggested that large currents of "runaway' particles may be obtainable in a spati- ‘
ally limited plasma in which the free flight time of the electrons is smaller than | | )
this characteristic time. Orig.arsv. hast 52 formulas. e . )
. . . Ea i
\

‘ L4 o
! .

A
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AUTHOR ! - mpsytovich, V. N. :

WS

TITLE: Macroscopic renormalization of nass and energy loss of
charged particles in a medium

PERIODICAL: Zhurnal eksperimental‘noy i teoreticheskoy fiziki, v. 42,
no. 2, 457 - 466 ; 194 2— .

TEXT: In first-order perturbvation theory,'mecroscOpie mass- renormalization
(mmr) of an electron 1g due to emission and atsorption of .a virtual photon  }
in a medium. The magnitude of the mmr depends on the velocity of the

olectron. The mmr and Energy losses in a strongly absorbing medium are
calculated by the method of the Green's function with consideration of >
gpatial dispersion. For a particle with spin 1/2, energy E, and momentum P,
the energy is.a complex quantity owing to the losses which are to be con-
sidered in this paper: E = E' + iE" where E" = - /2. The rate of energy
loss y is equal to that obtained with the aid of p enomenological quantum
electrodynamics (v. L. Ginzburg, ZhETF, 10, 589, 1940; A. A. Sokolov. DAN
SSSR, 28, 415, 1940). The real part Ll F s related with P through the mur -
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Macroscopic renormalization of...
' : S22 /\(
and is different from the energy of the free particle &-}-}9: po+m . \

AE = E° - g-p> ; Am = \’E’2 - p2 - m . The difference between the activation
and in a medium is found as

energies of a particle in e vacuum

e e o

-]

T s
/

T3 T hnl
1 b

. 1 .
™ _oee Di,f(co,Vmi/v’-{-u‘)]._

;x’-}-m’lv'

i e Sdmgsudn [Diu(‘l" Vm- (37)

L3

o this expression which was derived
Moreover, the quantum corrections
lectrons in a thin film are calculated.

gotions to the longitudinal losses may be
the case with the quantum

The irst-order gquantum corrections t
© . 17,3 classical limit are calculated.
..~ characteristic losses of e

ahown that the quantum corr
. lerable near the boundary which is not
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corrections to the transverse losses. The author Shanks V. L. Ginzburg,
V. P. Silin, and B, M. Bolotovskiy for their interest and discussicns.
Mention is made of V. M. Agranovich, A. A. Rukhadze (ZLETF, 35, 117, 1g933),
I. Ye. Tamm, and I. M. Frank (DAN SSSR, 14, 107, 1937). Thers ars ia
references: 15 Soviet and 3 non-Soviet, The references to the English-
language publications read as follows: K. M. Watson, J. H. Jauch. Phya.
Rev., 74, 950, 1485, 1948; 13, 1247, 1949; E. Permi. Phya. Rev., 57, 4895,
1940. \
ASSOCIATION: Fizicheskiy institut im. P. N. Lobedeva pkademii nauk SSSR 41(
(Physics Institute imeni P, N. Lebedev of the Academy o7
Sciences USSR)

SUBMITTED: June 20, 1961
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AUTHOR: Tsytovich, V. N, ~ Y v A T >~
TITLE: Energy losses of charged particles in a plasma

PERIODICAL: 2Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 42,
no. 3, 1962, 803% - 811 -

PEXT: The differential probabilities of emission and absorption of longi-.
tudinal and transverse guanta by charged particles in media with spatial
dispersion are calculated. The results obtained are more general than in
previous papers (e. g« A. I. Akhiyezer, A, G. Sitenko, ZhETF, 23, 161,
1952; A. I. Larkin, ZhETF, 371, 264, 19593 V. P. $ilin, ZhETF, 37,273, 195%
UFN, 14, 223, 1961), since relativistic particles are also considered.

The probability calculations are carried out to an accuracy,veQ, i, e.

the affect of macroscopic mass renormalization on the energy losses is
neglected and ouly the statistical mean of c¢uantum numbers enters the ex-
pressions. The denotations used are the same as in Ref. 12 (V. N, Tsyto~
vich, ZhETF, 42, 457, 1961). The emission probability y = -2InE(p)

- 2(5E"—p§p"/;p— mSm"/gp), $E", Sp" and dnm" are the oomé;nents of the

z [H
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antihermitian part of the mass operator, which is calculated by using the
Green photon function b )

(0]

lﬁ“m”°='LSDﬁ‘“'”{pﬁi—"p&ﬁz~kl (4)

+mcth [b (0 — ') —-6(m+m’)]} do’,

provosed by I. Ye. D?yaloohinskly and L. P. Pitayevskiy (ZhETF, 36, 1797,
1959), ap is the particle energy, f8 is the reciprocal temperature. The

difFerential nrobabilltles are obtained as
E(0,0) = ‘ Vp T @f 22,0 [——+m——— ——Vp‘ + O*F 28,mcqsﬂ+

Mo d w1t (8)

1 5inld -
i.p s ( + (0’ 25]}“’)] In] (l)’g (m. k:t) { “ k FiALi S

N (9)

‘r?(m 0)——-5;1/;; F o0 F o+ -—+—Vp’+m’:;:2z,,mcosﬁ]x
. 1 . { ‘+ilu-m 14‘ .

¥ I

k?t 8‘ ((:). kﬂ:) N“' " M“ 1 !

Ky = (p* +orF2,0)—2p VPP + 0 T e, @ cos 0 - pt.

Bt
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cosqpt:.—i[p—-yp’-*- m*;Qeqmcost)]/ki. (11)

6 = ($p')/pp’ ,-p' - momentum after scattering, Ny = (e‘"lq-1)"1 is the

number of equilibrium quanta of the frequency w; absorption is proportio-... - |
nal to 2Nm~cth(m{3 /2)-1; sy is the angle between quantum emission and initial
particle momentum. For- induced Cerenkov radiatiom, when gt(a, k+)::;£(w)

= nz(u) and Im £%=0,

LU a1 et LR I

. { 08 ¥ 4. <1 ] '

~ e | afimser (=R )]
' T cospe= oo —1)2em (14)

is obtained and the josses are given by

2
AV = --2—-3-1- Ndﬁpd(.)(1-1/n2); v = p/gp, the particle velocity and Nm'-N(u,‘ﬁ).

For induced plasmon emission with ws/vp(<1, ¢, being the zeros of £(e) .
Card 3/5 o _ Y
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2Nw Be(m) -1 P hpax _
AW = -—e,E |3 lemus []“ 0,3 2 + (20).
The energy losses of charged particles in an isotropic equilibrium plasma

=2 +1
are obtained as W' = jdk J ax#(k, x) with
0 -1
\vl(kx)---——-(l—}-cth 28) kox Im SN
¢ (Hox, k) -af w"~kvx; X = 003

= Pp)/kp. The longitudinal and tranoverse 1osses of relativistic partic—
les (m my, © ) in e non-relativistic plasma are :

l‘""’ e‘.’.m! 2m, e v? .
: W= 2\ =yeLh
i v (g, -1 Mg) O i (29)
¢ ot
I e |
ep=V p+mi, l‘ IV‘%iefmg.U{( ,,+m‘) In Emd + mgeiuﬁ A ) 1
. 2 v’e} (8, 4+ m)P—o%% . (s, + 11, )2 — edo?? |
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For an ultrerelativistic plasma

W =W 4 W! = >el ok (In (2d5m/Be,)— 0,82). (37)
v. I. Vekslef, V., P. 5ilin and V. L. Ginzburg'are thanked for discussioddi™ - ="
There are 13 referencest 12 Soviet and 1 non-Soviet,
LY D=0 0"
ASSOCIATION: 'Fizicheskiy institut im. P.'N. Lebedeva Akademii nauk SSSR
(Physics Institute imeni P. N, Lebedev of thé Academy of
Sciences, USSR) _

B

SUBMITTED:  July 31, 1961 (initially) February 10, 1962 (after revision) (f{/_
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AUTHOR: Taytovich, V. .

TITLE: Effect of radiation on & charged particle penetrating a
magnetically active plasma

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 43,

no. 1(1), 1962, 327-329

2EAT: The author considers a magnetically active plasma which is hit by Q/
an outer radidtion of high density- This radiation is supposed to

intersct weakly with the plasma put strongly with the particles

penetreting 1t (induced Cherenkov emission and absorption). If spatial
gispersion 1s neglected, the induced changes in energy and angle

(8 = v /vZ 1) can be given by

card 1/4
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PR

.‘{.;‘imfiﬁ’.ﬂj—g,d {'—-{1(——-h+ ’)(/V..-iv‘.)- (1)

nuy o
'”* ~—2u(N. +N,)_.__[(Nu+ oy” aar:o )}
'z

.m+vm”

Fo=F (0 kak) npu kL= 1/—*”:- s=——— e, V=0,

4

Aid(,:_:::: leel {( - )N+(u+_h)N}

is the number of quanta of frequency'w and of the momentum
2

2
arcte.n(k /k s kl. = kx+k./’ v, vy are the
particie velocity componentse in and perpendicular to 3; . = 1-u 2.

-1 are the diagonal componerts of ‘the £~-tensor. u:w/wne,

7y dveraged over the angle ‘?
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h "'wﬁe/woe' w =in & /m = ell/m; m is the particle mass, m, is the

electron wmass; A = ¢’ = 1; the domain of intagration over the frequencies
corresponds to the conditions for spontanesus Cherenkov radiation:

o<cu<h 1<u<VRFT pub <N
o<u<l, h<u<Vm+1qmﬁ>L

the lower limit of the domain of integration is given by
—ez -
Y Zx<i,
Results: The effect of radiatibn alwayskleads to an itcrease in @. The
particles are accelerated by radiation if the wave number in the medium

decreases with increasing refractive index. As to the order of magnitude,
the critical radiation density(kr, beyond which acceleration exceeds

<N&?

0 0+ o4y

spontaneous deceleration, is determined by ?max*{ njio)qcr; where A is

the wavelength of radiation, r, is the particle radius. Estimates of A

and ¢ show that e. g. fast electrons of the radiatioq belt can be
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accelerdted by solar radio radiation, fThe effect of radiation on
_particles emitted during outbursts of Supernovae is likely to be a factor
‘which has to be considered in astrophysics,

LSS0CIATION; Fizicheskiy institut im. P, N. Lebedeva Akademii nauk SSSR
(Physics Institute imeni P. N. Lebedev of the’ Academy of -
Sciences USSR) g
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AUTHORS: zndanov, G. Bes Tret'yakova, M. 1., Tsytovich, V. ey 2
- gheherbakova, 4. N. ‘ | -,
mITLE: fhe ionipation‘losses of ultrarelativistic eléctroné ‘
PERIODICAL: Zhurnél eksperimental'noy i teoreficheskoy fiziki, v. 43

no. 1(7), 1962, 342-345

muTme.
TELT:.

Uy to now the ionization losses
teen congidered ,in first perturbation-
contripution of the next order, i. e.

cf fast charged particles have
theoretical approximation only.
that of the .radiation corrections, .

/

Vo
The .~

ig comparable with the effaect of 8 relativistic increase of the ‘ionization

losses.

Theoretioal\estimates-of these corrections are here compared

with experimental results. It ig shown that in real cases, if

a2 (/)2

o

+he medium and the corresponding frequencies; 4= A4,
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enmulgion (Ag Br) § ig between 100 and 200 and the radiation correction v/.
reaches 8-10%. The relative track densiiies, measured in HitH - P -~
(¥IKFI-R) emulsions and for 8.7-Bev protons (0IYaI) and Ilford G-5 and

Aok

19-Bev protons (CERN) as dependent on E /mc ) 1/;, are compared with theo-

retical curves both with and without radlatlon corraection. The umwrrechcd
agrees satisfactorily with the experimental data. There are 2 figures.
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AUTHOR: xggzﬁgyighlnv. N.

—

TITLE Rediative corrections to the energy losses of particles in a
medium

* PERIODICAL: Zhurnal eksperimental‘noy 1 teoreticheskoy fiziki, v. 43,
no. 5(11), 1962, 1782 - 1794

\TEXT: " The radiative corrections to particle energy losses in a medium are
‘divided into a' microscopic and a macroscopic part. The latter, which is
due to the presence of a mediua, i.e, tO the fact that the mass of a
particle in vacuo differs from that in a medium by Am, is much greater
than the fcrmer and is investigated here.. At high energies, i.e. for
ep/mj}a%/mo, Am tends to its upper linit -e L3 03 is the plasma frequency

and Wy the natural frequency of the medium. In first Qvez) and second

(~94) perturbatiOQytheoreticsl approximations the macroscopic part is
studied in detail and from various standpoints. It is shown that this
part of energy losses may reach 7% of the total losses. From energy loss
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calculations carried out in the ez-approximation a density effect is to be
expected, which is studied on the basis of the oscillator model. This
effect ia found to occur at energies higher than those where such an effect
arises in the main part of the energy losses. #ultiple gecattering is found
not to contribute to the radiative corrections. It is predicted that the
energy losses due to ionizatien decrease by about T - 107 on the Fermi
level. This drop of the losses was experimentally observed for ultra-
relativistic electrons by G. B. Zhdanov et al. (Trudy soveshchaniys po
yadernoy fotoemul'tsii, oscow, 1960)., The theory presented here agrees
with experimental observations within the 1limits of error. The course of
‘the ionization-versus-momentum curve &as predicted by theory for the
electrons will be valid also for heavier particles, €.8-. mesons. oSince

2

the microscopic part ijs of “the order of @ “hax/znmé it may be kept always

small if only such events are considered in which the energy transferred
Q”max) ig small with respect to the electron rest mass (me). Among others

it ‘is also shown that the radiative corrections to the Cherenkov radiation
may reach a magnitude allowing them to be observed experimentally. There
is 1 figure.
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is assumed to move 1inearly along :
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(v, N. Taytovioh ZhETF, no. 5 (1951)), where. % = eE /m, | . = electric
field etrength, " are the components of the four-velocity, n, are the

densities (i « 1 2), Ty = 4ne /mo (the Bubscript 0 indioates the initialA'f"_}
Value), Bnd '1 .») 7\ s

‘ -'.11 1+ ug. “For a frame of reference, in uhich all quantitiea are

C independent of tlme, a-nonlinear potential equation is set up, the firat ha
5';'_,,integral of. which is given as . ‘ :

I ST T e T (), V(

, J’or the atructure of nonlinear relativistic waves in a plaama without e
- particle beam, . , : ,

at’ 1 'E (k 0): + g, -
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ain g here E(k is & total elliptio integral, . ' o
A v z \ -1, k2<1 corresponds 0 &. nonrelativistio .

ma Vion, and. tife oonatemt A charaoterizes the wave amplitude- B

:}43"”- !;ﬂ U T
i _‘75 dz:-.—--mnmvl k‘[k’ _ 1+2(1.__)§::;] (5)"

e T SRS, S - .

for,the energy density of the. electric field, e.vera.ged over
In tha nonrelativistio caee, WE agrees with the. reault of a

inéar approximation. "Also-derived are the. density of kinetic energy and
: the:. momentum denaity, averaged ovar one period, as well as the velocity
v-of 4tne frame of’ reference, in which the mean momentun density ig zero. .
»Finally,\the ‘nionlinear waves in a system of two plasmas of the same kind
_'—‘.pene\;rating gach -other ave investigated, and the nonlinear problem of :
;. energy 1088 of a beam of charged particles in the’ plasma is golved., V. I.t
Vakaler, M. -8, Rabinovich, and A. A, Rukhedze: are thanked for diaouaaionaa
There are 2 SOViet referencee. - R ) PR,
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TITLE: Partiole acceleration by irradiation in a medium

PERIODICAL: = Akademiya nauk SSSR. Doklady, v. 142, no. 2, 1962, 319-321

TEXT: The particle acceleration by a radiation flux in vacuo is low due
to the small oross section of Thompson ascattering. At a pressure of
10 atm, acoceleration is about 10=T ev per om of path. If the radlation
density attains a critical value, Berenkov radiation and absorption are
ponsible, The probability of these effeots is proportional not to o4, as
in the ocase of scattering, but %o e2, The acceleration of a particle is
found from the differaence between absorbed and emitted energy. 'In a
previous paper (ZhETF, 32, no. 3 (1962)), the author solved the problem
of allowing for the quantum effect of recoil when calculating the
" probability of Jerenkov radiation., In the work, only on quantization of
microfields was performed using the many-body theory and the maethod of
Green functions. Aoceleration and slowing down of a partiocle in a medium
are found from the imaginery part of the effective energy spectrum. The
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[A]

‘emission and the absorption probability for a medium with epatial dispersin
~is correct for the region in which the medium is highly absorptive.

- Reglecting spatial dispersion, the following relation is obtained for the

acceleration of a particle with spin 1/2 in a tranaparent region of the
. medium: gy —1T e [, 1y, @ iV
_ : , m-.—.—.c’v S odoN (o, 9_)[1-—?5,—-&-0—5(1——?—)-!- T;;’".O_F)]"

,c0s9.<1 . oy Y o 1 1Y,

, ® .y

—ﬂr5wwW@&H%“7F5EOfFVEWO~Fﬂ

ey

- shere T T e - _ \X
S | df?j :

‘ 2 - .
B Nﬁm',°):=z-fr§1‘? (@ 8,9) x,
ig the number of quanta with the frequency & and the momentum k = un/c,

ne(w) = £(w), v is the velooity, and p the particle momentum. The
erenkov slowing-down obtained for N = 0 £ite the phenomenological
- quantum electrgdynamics. A mearly monochromatio radiation, for which the
conditions of Gerenkov radiation and absorption are gatigfied, is
examined. The somewhat different cbnditions for the abgorption and
-emission of erenkov‘ra_diation dre finally examined. V. I. Veksler and
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VTITLE: On the theory of a charged particl. heam traversing a plasma

SOURCE: Zhurnal tekhnicheskoy Lizdki, v, 35, no. 11, 1965, 1925-1932
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TOPIC TAGS: plasma Gscillation, plasma beam interaction, particle beam, feﬁv”“““‘4'
7R AT NG
ABSTRACT: An analytic golution is obt

ained in the quasi-linear g
1llations excited
‘having a narrow velocity distrib
a velocity €xceeding the
Some results previously obtained from qualitative
V.Q.Shapiro,ZhETF, 47, 1389, 1964) are confirmed;
extited plasma 3scillations i

tﬂickness of which decreases

of charged particles of finit

roximation for

in o semi-infinita plasma by
ution incident normally on
phase velocity of the plasma waves,
considerations (Ya.B.Feynbcrg and

in particular, the energy of the
8 confined largely to a thin layer n

exponentially with time, The case of an incident pulse
e duration is alse treated, and expresstons are derived
for the pulse ghape and the energy denaity of the plasma oseillattons after the

particles have penetrated deeply into the plasma. The authors thank Ya.B.Feynberg ke 55

and ¥.S,Rabinovich %Z;:f ir interest in the wvork and discussion of the reaults, Orig.
art. has: 28 formuldd g 2 figures,
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By l

a magnetoactlve anisotropic plasma fpose

3, 1965, T797-806

plasma wave propagation, plasma oscillati

ABSTRACT: A procedure previously used bX
with A, Gaylitis, ZhETF v. ke, 1726, 196

general equations describing nonlinear 1in
tropic plasma both in the presence and in
netic fields. Unlike in earlier papers,

to the assumption that the plasma 1s isot
magnetic field, and are therefore Buitabl

SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 49, no.

TOPIC TAGS: magnetoactive plasma, anisotropic plasma, plasma interaction,

with L. M. Kovrizhnykh, ZhETF v. 46, 1455, 1964) 18 used to obtain

TITLE: Contribution to the theory of nonlinear ihééraction of waves in’

on, plasma decay

one of the authors (Tsytovich,
and v. 47, 1469, 1964; also

teraction of waves 1in an ani go=
the absence of external mag- |—
the results are not confined

ropic even in the case of zero
e for a description of the —
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jnteraction of waves in a system of interpenetrating plasmas. The re-
gults can be uged for an analysis of the interaction and nonlinear con-
version of non-potentlal tions and waves in a' plasma, such as
interaction between a plasma 2 bnse high-frequency radiation in \
the radio and optical bands. Damping 18 neglected and & procedure for \
analyzing the interaction of waves having random phases {18 used. \
Explicit expressions are derived for the probabllities of scattering of |
normal waves by plasma electron? and ions and for the probabllities of i
the decay processen. The equatlo 1imited to & weakly \
turbulent plasma, and in this approximatlon the nonlinear effects des- |
cribe the interactlon between waves that gatisfy the dispersion rela- \
tiong of the linear theory. Orig. art. has: 3l formulas ‘
!
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AUTHOR: Tsytovich, V. »:; Shvartsburg, A B.
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. g1z4x! Alademii nauk SSSR)
TITLE: MNonlinear polarization of radiation passing through a plesma i
SOURCE: Zhurnal eksperimental‘'noy 1 teoreticheskoy fiziki. Fig'ma v redaktsiyu.
. Prilozheniye, v. 3, no. 3, 1966, 105-110
' TOPIC TAGS: nonlinear plasme, plesma interection, radio wave propagation, coamic
. radiation, cosmic radio :u)s’ource LTS
" ABSTRACT: The a.uthors{ show that nonlinearantemction effects can noticeably alter

the polarization of radiation passing throg h a plasma, if the radietion hes suffi-
cient irntenslty or i 8 pa T the plasma is sufficiently long. The results can
be used in investigations of the polarizetion properties of cosmic radiation, pro-
pegation of radio waves, ete. This iz done by assuming that the nonlinear =ffects

are weak, expanding the current produced by the waye in the plasma in powers of the

wave amplitude, and solving the wave grom&tiong'e vation by the method of Bogo-
lyubov and Van der Pol, as demonstrated elgevhere (Izv. VUZov, Radiofizika v. 8, 3,
196%). The results are used to &nalyze the interaction between different polariza-
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tion conponents of a asingle monochromatic wave, and the relative rotation of the
polarization ellipse and the electric vector. They epply also to the interaction
of two waves having different frequencies, where it can be ghown that the sum of
the energiza of the two components of each of the polarizations is conserved. Equa-~
tions for the mean value of the polarizetion components are cbtained for random
interecting waves. It is shown that the interaction of any one wave with any other
wave can lead only to e change in the ratio of the intensities of the different
polarizetion components, without changing the total energy of the wave. This char-
acteristic property of the nonlinear ‘mteraction in question sharply distinguishes
it from other known nonlinear interactions (decey processes and induced scattering)
thet lead to a change in the spectral composition of the radiation. Another con-
sequence of the calculation is the conservaticn of entropy (which follows from the
conservation of the number of quanta), and consequently reversibility of the non-
linear interactions for random waves. A rough estimate 1s presented to illustrete
the role of the interaction under consideration for the most unfavorable case, when
the ellipticity is quite small. For the Crab nebule, for example, with energy den-
sities of 5 ev/cm at a wavelength ~100 m, the elliptieity is found to be ~10"3, An
acccunt of this effect becomes even more important for other radio sources with
larger emission density, and also in the case of radio wave propegation in the
ionosphere, ete. Orig. art. has: 9 formules.
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TITIE: Statistical acceleration of particles in & turbulent plasma
SOURCE: Uspekhi fizicheskikh nauk, v. 89, no. 1, 1966, 89-146

v TOPIC TAGS: plasma charged particle, plasma instability, plasma acceleration, .
: statistics, turbulent plasma, plasma oscillation, radio as y interplanetary T
space V&

| . ABSTRACT: This is a review article dealing with recent progress in the theory of
"/glasma inctability, especially under outer-space conditions, and the initiation of
such instability by statistical acceleration mechanisms. Various applications of the
statistical theory, which is an extension of the theory of weakly-turbulent plasma
and which includes the Fermi acceleration mechansim a8 a speclal case, are discussed
both for astrophysical problems and for the possible interpretation of numerous
laboratory experimemts. The general chakacteristics of statistical acceleration are
discussed and information is presented on plasma turbulence and on mechanisms of
plasma generation, statistical changes in the states of the particles in a plasm,
acceleration of plasma particles by langmulr oscillations and by high-frequency trans-
verse wavea, thie spectra and average energies of the accelerated particles, and the
efficiencies of various acceleration mechanisms. This is followed by the theory of

R
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statistical acceleration, with emphasis on the relative role of high-frequency and
low-frequency turbulent pulsations, the limitations imposed on the oscillation inten- .
sity, the limiting transition of the statistical acceleration to the particular case <
of Ferml acceleration, and the role of nonstationary turbulent pulsations. The
article concludes with a section dealing with applications of acceleration mechanisms,
including applications connected with acceleration of particles under laboratory con-
ditions and astrophysical applications in connection with radio emission from quasars,)
acceleration of electrons and ions in the radiation belts, and acceleration of cosmic .
rays. Orig. art. has: 6 figures and 185 Formilas. \7~
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TITLE: HNonlindar conversion of electromagnetic waves to ion-acoustic plasda oseilla- .
i tion ' :

SOURCE: Zhurnal prikladnoy mekhaniki i tekhnicheskoy fiziki, no., 2, 1966, 116-119

TOPIC TAGS: plasma oscillation, electromagnetic wave phenomenon, acoustic wave,
acoustic absorption

ABSTRACT: The authors consider the self-consistant problem of conversion of electro-
magnetic waves with a frequency much higher than the critical frequency to ion-acoust-
ic oscillations in a plasma assuming that a Langmiur wave is generated as the trans-

verse electromagnetic wave decays and that the ion-acoustic wave is then generated by
the Langniur wave. The prcblem is solved with regard to ion-acoustic wave absorption

as well as in the onme-dimensional approximation. Examples of two-stage decay are giv-
en to illustrate application of the expressions derived in the paper. One-dimension-

al quasistationary boundary problems are also considered and solutions are given for :
nonlinear equations which determine the spatial distribution for the number of waves
in the spectrum during the decay process. Orig. art. has: 13 formulas. L
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ORG: Physics Institute im., P,N.Lebedev, AN SSSR, Moscow (Fizicheskiy institut AN
SSSR)

TITLE: Nonlinear production of plasma waves by a beam of transverse waves. 2.
SOURCE: Zhurnal tekhnicheskoy fiziki, v, 36, no, 8, 1966, 1339-1350

TOPIC TAGS: mathematic physics, nonlinear effect, nonlinear plasma, plasma wave,
plasma wave absorption, transverse wave, longitudinal wave

ABSTRACT: One of the authors has previously discussed the passage through an 1so-
thermal plasma of a parallel monochromatic beam of transverse waves whose frequency

£ is much higher than the Langmuir frequency fo of the plasma and the accompanying
decay of the transverse waves into longitudinal plasma waves V.N,Tsygovich,- ZhTF,

35, No.5, 773, 1965), In the present paper these calculations are extended to the
cagse when the transverse wave beam is not strictly parallel, but has a small angular
divergence, The present calculations are based on the reaults of the earlier ones,
and notation employed in the earlier paper 18 sometimes used in the present discussion
without definition. }5 is found that there is a critical angular spread of the beam:
given by 6o = (fo/f)3 « When the angular spread of the beam is small compared with
6c the results previously obtasined for a strictly parallel beam are valid. When the
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angular spread exceeds O; the rate of decay to longifudinal waves decreases with in-~
creasing beam spread and eventuelly becomes smaller by a factor of fo/t than the
rate of decay in the case of a strictly parallel beam, Formulas are derived for the
rate of decay and for the directions with respect to the beam in which the longitu-
»| dinal waves propagate, and the passage ‘to the limiting case of zero beam divergence :
is carried through in an appendix., TH&8*E¥féct of & longitudinal nsghetic field 1s* | -4
discussed, The magnetic field has little effect on the critical beam divergence,
but there appear new decay modes into waves having the Larmor frequency., The decay
into longitudinal waves of the Larmor frequoncy is alwaysslower than the decay into
Langmuir waves, however, and does not contribute significantly to the abaorption of
transverse waves in the plasma., Orig. art. has: 56 formulas,

¥
S8UB CODE: 20 8UBM DATE: 048ep63S ORIG, REF: 014 OTH REF: 002

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320017-8"



"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320017-8

L_00908-67 ExT(1yF 1Jeiar o iT _

ACC NR: 4P6019668 SCURCE CCDE: UR/0037/66/043/003/0528/0542
r
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| ORG: Institute of Physics imeni P. N. Lebedev, Academy of Sciences §9SR (Fizichesiuiy
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PITLE: On isotropization of cosmic rays
SOURCE: Astronomicheskiy zhurnal, v. 43, no. 3, 1966, 528-542

TOPIC TAGS: ocosmio rays, galactic radiation, plasma wave, nonlinear plasma, plasma }
instability ;

ABSTRACT: The role of various plasma effects is discussed in the isotropization of

cosmic rays. Two mechanisms are considered to explain the isotropization procesa:

a) the beam instabilities in the cosmic rays that lead to s build-up of plasma 4|

sceillations; b)) the scattering of cosmio rays on turbulent plasma oscillations. The

* conditions that lead to isotropy in cosmic rays due to beam inatability are analyzed
in some datail. To this end, the instability of relativistic distribution of cosric

. raye f ia concidered where f = f{p,x}, X = cos 8. It is shown that extremely large

' increments arise at the initial etages of development of beam instebility. The

i enisotropic component of this increment ie glven by

1 df —

cd
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Tt is also shown that nonlinear plasma effects at low emergies, such as near Yaxwellian
distribution of ions, eliminate instabilities and destroy the isotropizstion of the
relativistic cosmic particles. This is shown by the oscillstion energy transfer
expression corresponding to the above increment, or

AW, . e vrgt ( 1 df ) .

We ™ my ¢t \f oz ]
! Wext, the effect ot low frequency turbulence is analyzed on the isotropization process’
of the cosmic rays. The anisotropic increment in this case is given oy ’

)"t me ky
no mo (DOa

.m. |, -
Vat o w ‘ﬂ«k(vw')’(

[ 8z

| which is gomewhat less than the case of beam instability. Isotropization effects due |
to the scattering of cosmic rays on high frequency turbulencoe and also hydrodynamics

' oscillations are considered. It is concluded that the above discussed isotrcpizatiion

. mechanisms are local and are not neceasarily connected with magnetic fields. The
guthor is grateful to Y., L. Ginzburg for detailed evaluation of the work. Orig. art.
nas: 56 formulas.
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